Abstract-The small physical size and multiband capability are significant in the design of ultrawideband (UWB) antennas. Fractal geometry provides a good method for achieving the desired miniaturization and multiband performances. Furthermore, using a dielectric resonator improves bandwidth and radiation characteristics. A combination of these methods in the UWB antenna design is presented. The proposed design is a new hybrid dielectric resonator antenna (DRA) excited by a new fractal monopole antenna. The simulation and optimization have been carried out using Ansoft HFSS. The simulation and measurement results show that the proposed structure provides a huge bandwidth ranging from 2 to 40 GHz. Radiation patterns and gains show a good agreement over the bandwidth.
I. INTRODUCTION
U LTRAWIDEBAND (UWB) antennas are widely used in telecommunication systems. Many new designs have been reported in recent years. To achieve UWB performance, the use of fractal geometries is a good option [1] . Some fractals are built by self-similar elements iterated in various directions, and their total forms do not change with increasing iterations because their small sections are reducedsize copies of the wholes. Multiband and broadband properties of fractal antennas are affected from self-similarity of fractals. Fractals have complicated shapes with many corners such that these discontinuities increase bandwidth and the effective radiation of antennas. In addition, the space-filling property of fractals miniaturizes the antenna elements [2] - [11] .
Another way for increasing antenna bandwidth is using a dielectric resonator, which was first investigated by Mongia et al. [12] . They used a circular-shaped dielectric ring resonator (DRR) excited with a central coaxial feed. The hybrid configurations of electric monopole and dielectric resonator antennas (DRAs) were first investigated in [13] and [14] monopole antennas based on different dielectric shapes to improve impedance bandwidth have been investigated [15] , [16] . Several wire antenna configurations based on fractal geometries have been scrutinized including Koch, Minkowski, Hilbert, Cantor, and fractal tree antennas in recent years [17] - [24] . Also, several types of DRRs placed on a ground plane surrounding a vertical monopole have been examined for improving bandwidth such as annular, pawn-shaped, conical, inverted conical, and hemispherical DRRs. These antennas were simulated with method of moments (MoM) electromagnetic (EM) simulation software and were also fabricated as prototypes and measured to evaluate actual performance.
In this letter, a super-wideband monopole antenna based on the combination of a new fractal geometry and a new dielectric resonator shape is presented. The modeling and simulation are performed using HFSS. The results show that the proposed design is a super-wideband antenna with a usable bandwidth of 2-40 GHz. This huge bandwidth is the main advantage of the proposed antenna over conventional UWB antenna types. Radiation patterns were studied at different frequencies, and the gain was found to be reasonable across the entire operating bandwidth.
II. ANTENNA CONFIGURATIONS
A renowned fractal antenna is the Koch antenna, which is used widely in telecommunication systems such as mobile devices, wireless LAN, etc. In this letter, a new fractal geometry that looks similar to the Koch fractal geometry is introduced. This new geometry gives good performances in bandwidth and radiation patterns.
The geometric construction of this new fractal shape starts with a straight line, called the initiator, which is shown in Fig. 1 . This is partitioned in to four equal parts, and the two centric segments are replaced with four others of the same length with the indentation angle also shown in Fig. 1  (  as the first iteration) . This is the first iterated version of 1536-1225 © 2013 IEEE the new fractal geometry and is called the generator. The process is repeated for a second iteration also shown in Fig. 1 ( as the second iteration).
The fractal geometries usually clarify with an iterative function system (IFS). This new fractal geometry consists of repeated application of the series of IFS affine transformations.
The second iteration of Fig. 1 was taken as the new fractal antenna geometry; higher-order iterations do not necessarily lead to improvements in antenna performance. The length of monopole is 32 mm, and 1 mm in diameter. The fractal antenna is constructed using a copper sheet and vertically installed above a ground plane that is from aluminum. The vertical fractal monopole feed is surrounded by two conical DRRs placed on the ground plane with top radius mm, low radius mm, height mm, and . Fig. 2 shows the structure of the fractal DRA.
III. SIMULATION AND MEASUREMENT RESULTS
The simulation has been performed using Ansoft HFSS, and the results are verified experimentally. The ground plane and all conductors are assumed to be copper. The simulation frequency range is from 1 to 40 GHz. Fig. 3 shows the simulated and measured . According to the input reflection coefficient, this fractal DRA is usable across 2-40 GHz frequency range and can be matched with a 50-coaxial cable.
To study the radiation pattern, Fig. 4 shows the simulated and measured peak gain variation, and Fig. 5 shows the simulated radiation patterns for three frequencies including 5, 10, and 20 GHz, for -and -planes.
It can be observed that the radiation pattern behaves as a monopole at 5 GHz having a deep in the -direction and like a patch at 10 and 20 GHz having quite a maximum at -direction. Also, good agreement between simulated and measured peak gain variation with small fluctuations is exhibited.
The radiation efficiency is defined as the ratio of the radiated power to the incident power. The simulated efficiency from HFSS at 5, 10, and 20 GHz is 89.8%, 94.2%, and 95.5%, respectively, which is a very high radiation efficiency.
IV. CONCLUSION
Based on fractal geometry and dielectric resonator, an unique super-wideband antenna has been simulated and experimentally tested, and the results from both approaches are found in good agreement. The proposed antenna has a compact structure, a second iteration of fractal geometry, and measures only 32 16 mm when fabricated. The simulated results are conducted by Ansoft HFSS. The simulation and measurement results show that the proposed design is a super-wideband antenna that is applicable for frequencies between 2-40 GHz. Both the radiation efficiency and the gain are acceptable for antenna applications.
